INTRODUCTION
In the past decades, flow in a lid-driven cavity has been studied extensively as one of the most popular fluid problems in the computational fluid dynamics (CFD). This classical problem has attracted considerable attention because the flow configuration is relevant to a number of industrial applications. ANSYS FLUENT uses conventional algorithms for calculation of macroscopic variables. Computational advantages of this commercial software are simplicity of the problem setup, parallel computing and higher precision.
Two-sided lid-driven staggered cavity appears to be a synthesis of two benchmark problems: a lid-driven cavity and backward facing step. Furthermore, it has all the main features of a complex geometry. Nonrectangular two-sided lid-driven cavities have been recently introduced and investigated as a potential benchmark problem by Zhou et al. (1) , Nithiearasu and Liu (2) and Tekic et al. (3) . Zhou et al. Presented a solution for the flow in a staggered cavity obtained by using wavelet-based discrete singular convolution. Nithiarasu and Liu solved the same problem using the artificial compressibility-based characteristic-based split scheme. Tekic et al. solved this problem by using the latticeBoltzmann method. The aim of this work was to study two-sided lid-driven staggered cavity utilizing the commercial software package FLUENT. Solutions are presented in the parallel and antiparallel motion of the lid and the flow pattern which develops under these conditions. 
MATHEMATICAL FORMULATION

General Scalar Transport Equation:
Discretization and Solution -ANSYS FLU-ENT uses a control-volume-based technique to convert a general scalar transport equation to an algebraic equation that can be solved numerically. This control volume technique consists of the integration of the transport equation about each control volume, yielding a discrete equation that expresses the conservation law on a control-volume basis.
Discretization of the governing equations can be illustrated most easily by considering the unsteady conservation equation for transport of a scalar quantity Φ. This is demonstrated by the following equation written in integral form for an arbitrary control volume V as follows:
where ρ is the density, v -velocity vector; A -surface area vector;   -diffusion coefficient for Φ, S  source of Φ per unit volume. Equation [1] is applied to each control volume, or cell, in the computational domain. The two-dimensional, triangular cell shown in Figure 1 is an example of such a control volume. Discretization of Equation [1] on a given cell yield where N faces represents the number of faces enclosing the cell, Φ f is the value of con-vected through the face f, f A is the area of the face f and V is the cell volume. The equations solved by ANSYS FLUENT take the same general form as the one given above and apply readily to multi-dimensional, unstructured meshes composed of arbitrary polyhedra. For relatively uncomplicated problems (laminar flows with no additional models activated) in which convergence is limited by the pressure-velocity coupling, a converged solution can often be obtained more quickly using SIMPLEC. With SIMPLEC, the pressure-correction under-relaxation factor is generally set to 1.0, which aids in convergence speedup. In the present study, a slightly more conservative under-relaxation value was used, and it is equal to 0.7 .Special practices related to the discretization of the momentum and continuity equations and their solution by means of the pressure-based solver is most easily described by considering the steady-state continuity and momentum equations in the integral form:
where I is the identity matrix,  is the stress tensor, and F is the force vector.
Discretization of the Momentum Equation -previously described a discretization scheme for a scalar transport equation is also used to discretize the momentum equations. For example, the x-momentum equation can be obtained by setting
If the pressure field and face mass fluxes are known, Equation [5] can be solved in the previously outlined manner, and a velocity field can be obtained. However, the pressure field and face mass fluxes are not known a priori and have to be obtained as a part of the solution. There are important issues with respect to the storage of pressure and the discretization of the pressure gradient term. ANSYS FLUENT uses a co-located scheme, whereby pressure and velocity are both stored at cell centers. However, Equation [5] requires the value of the pressure at the face between cells c 0 and c 1 , shown in Figure 2 .
Therefore, an interpolation scheme is required to compute the face values of pressure from the cell values.
Discretization of continuity equation-Equation [1] may be integrated over the control volume to yield the following discrete equation
where J f is the mass flux through the face n v  . In order to proceed further, it is necessary to relate the face values of the velocity, n v , to the stored values of velocity at the cell centers. Linear interpolation of cell-centered velocities to the face results in an unphysical checker-boarding of pressure. ANSYS FLUENT uses a procedure similar to that outlined by Rhie and Chow (4) to prevent checkerboarding. The face value of velocity is not averaged linearly; instead, momentum-weighted averaging, using weighting factors based on the a P coefficient from the equation [5] , is performed. Using this procedure, the face flux, J f , may be written as: Figure 2 ). However, the face values f  are required for the convection terms in Equation [2] and they have to be interpolated from the cell center values. This is accomplished using an upwind scheme. Upwinding means that the face value  f is derived from quantities in the cell upstream, or "upwind", relative to the direction of the normal velocity v n in Equation [2] . The diffusion terms are centraldifferenced and are always second-order accurate. When second-order accuracy is desired, the quantities at cell faces are computed using a multidimensional linear reconstruction approach (5, 6) . In this approach, higherorder accuracy is achieved at cell faces through a Taylor series expansion of the cellcentered solution about the cell centroid. Thus, when second-order upwinding is selected, the face value  f is computed using the following expression: [8] where  and   are the cell-centered value and its gradient in the upstream cell, and r is the displacement vector from the upstream cell centroid to the face centroid. This formulation requires the determination of the gradient   in each cell. Finally, the gradient   is limited so that no new maxima or minima are introduced. e staggered cavity longer symmetric es towards the off er of the right wa gth at the cost of es splitting of the wn in Figure 6 . Bo o that viscous eff avity (9 nterlines of the 3)).
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CONCLUSION
Results of the ANSYS FLUENT commercial software simulation of two-sided liddriven flow inside a staggered cavity are presented in this article. Both antiparallel and parallel motions of two facing lids are investigated. The benchmark results obtained with ANSYS FLUENT are in good agreement with the results available in the literature.
For antiparallel motion of lids in a staggered cavity results show symmetrical and asymmetrical flow patterns. Velocity profiles along the horizontal centerline are in a good agreement with existing data from the literature, while the profiles along the vertical centerline are slightly different from those used for comparison, especially for Re=50 and Re=100. These differences could be explained by the different Re calculation procedures and different boundary conditions implementation methods, considering the different numerical approach. The situation is quite similar in case of parallel motion of lids. Unlike for antiparallel motion, steady-state asymmetric patterns are obtained for all investigated Re numbers. It can be noticed that a free shear layer is formed along the short diagonal of the staggered cavity. All the main features of the flow are shown, streamline contours, horizontal and vertical velocity components along the mid sections of the cavity are visually presented, while the location of vortices is presented in Table 1 .
